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ABSTRACT
Concentrations of Cu, Cd, Pb and Zn were determined in roadside
soil, plant and landsnail samples along Nablus-Ramallah main road in
the West Bank. Average concentrations (mg.g1, dry weight) of the four
metals in soil samples were, Cu: 23.8, Zn: 128.3, Cd: 0.45 and Pb: 149.9.
These values were higher than those found in soil samples collected from
control sites. Metals in roadside plant samples were within normal
levels although plants from control sites were found to have slightly
less metals. Diﬀerent parts of a plant (roots, stem & leaves) were found
to accumulate metals in diﬀerent concentrations. The average con-
centration (mg.g1) of metals in diﬀerent plant parts were: Cu: <5.2,
Cd: <1.0, Pb: <2.19 and Zn: <5.18. Average concentrations (mg.g1)
of metals in the three roadside snails were ranging between 121–132 for
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Cu, 18–27 for Cd, 21–24 for Pb and 43–69 for Zn. Snails were found to
magnify Cd to serious levels (>30–50 times higher than in plants and
soils). Lead in snails was about 10 times higher than that in plant leaves
and much less than that in roadside soils. Other metals in snails did not
show abnormal concentrations.
Key Words: Heavy metals; Roadside; Soils; Plants; Snails; West Bank;
Palestine.
INTRODUCTION
The fast-growing industrial, agricultural and urban activities are cur-
rently increasing heavy metal concentrations in some ecosystems compared
to natural background levels (1, 2, 3, 4). Roadside soils, plants and organisms
are receiving considerable amounts of toxic metals especially from automo-
bile emission and from the transported toxic materials (4, 5, 6). Therefore,
investigating the fate and eﬀects of metals in components of ecosystems is of
great importance.
In the West Bank, environmental assessment and monitoring studies
are almost lacking. The region is considered virgin with regard to environ-
mental studies in general. During the past 30 years, environmental educa-
tion, awareness, planning and laws were neglected because of political
issues. Most cars are old and leaded-fuel consumption is high, domestic,
construction and industrial wastes are partially thrown along roadsides
outside city borders (7). This is because organized waste collection services
are covering 30–70% of municipalities and towns (7, 8). In addition,
wrecked cars and scrap metals are often seen a long main roads in the West
Bank. Moreover, because wastewater networks are lacking in more than
50% of urban regions (7, 9), tankers transporting industrial and domestic
wastewaters often empty their loads along roadsides. Since the Oslo
Agreement between PLO and Israel, industrial and construction activities
are growing in a manner that is faster than environmental awareness and
planning. This is expected to accelerate deterioration of the environment
in some regions.
Nablus-Ramallah Road is the road that connects the two cities
and the main road that connects the northern West Bank with the middle
and southern parts. The road is about 60 km long and on both sides of
the road agricultural lands are present. Here, olive trees dominate beside
other fruit and vegetable farms. Therefore, the present study was conducted
in order to address the problem of metal pollution along the above-
mentioned road. For this purpose, soil, plant and landsnail samples were
collected at diﬀerent locations along the road and analyzed for Cu, Cd, Pb
and Zn levels.
766 SWAILEH ET AL.
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MATERIALS AND METHODS
Sampling and Sample Preparation
Surface soil, plant and landsnail samples (n¼ 20, 86, & 80, respectively)
were collected during 1995/1996 mainly along Nablus-Ramallah road
within a 20-m distance from the road edge. Control samples were collected
in regions away from sources of pollution. Samples were put in clean plastic
bags and transferred back to the laboratory. Soil samples were oven-dried,
crushed, sieved with a 1mm-mesh aperture sieve and stored in glass bottles.
Plants-mostly medicinal were identiﬁed, washed thoroughly with distilled
water and divided into three main parts: leaves, roots and stems. Plant
parts were oven dried at 60oC until constant weights were obtained.
Thereafter, plant materials were ground to ﬁne powder and stored in glass
vials for later analysis. Three species of common landsnails were collected
along the road. These were Helix engaddensis, Levantina hierosylima and
Levantina caesariana. The snails are of reasonable size that allows analysis
of individual specimens. Snails were washed with distilled water and killed by
freezing. Later, shells were crushed and soft tissues of each specimen were put
in a glass vial, dried and powdered as plants.
Analytical Procedure
Sub-samples of about 0.2 g soil were digested in a mixture of 1:1 nitric:
perchloric acids (Suprapur, Merck). The volume of the mixture used was 10
time the sample’s weight. Temperature was gradually increased up to 200oC
and digestion continued until no more fumes were liberated and the color of
the mixture turned pale yellow-colorless (10). After that, samples were
ﬁltered through Whatman ﬁlter papers and volumes were adjusted to 25ml
using distilled water. Blanks and reference material (Sediment Lake, IAEA-
SL-1) were run with the samples. Finally concentrations of the four metals
were measured by ICP (Center for Environmental and Occupational Health
CONCENTRATIONS OF HEAVY METALS 767
Table 1. Concentrations of Heavy Metals (Means SE) in Roadside Soils from the
West Bank
Metal concentration (mgg1)
Sample type (n) Cu Cd Pb Zn
Roadside
(10)
23.85 1.15
(18.59–30.5)
0.45 0.05
(0.25–0.73)
149.88 16.53
(89.1–245.0)
128.27 7.98
(95.8–170.6)
Control
(10)
13.71 1.51
(7.65–23.1)
0.122 0.017
(0.04–0.20)
10.461 0.98
(7.56–19.9)
85.14 4.37
(66.9–110.2)
T-Test P¼ 0.001 P¼ 0.001 P¼ 0.001 P¼ 0.001
Minimum and maximum values are between brackets.
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Sciences, Birzeit University). All accepted recoveries were above 90% of the
reported values.
About 0.5 g plant powder and 0.03 g snail material were digested in a
similar way like soil, but volumes were adjusted to 5ml and solutions were
stored in Eppendorf polyethylene vessels for metal analysis (11). Blanks and
reference materials were run with the samples. Reference materials used were:
Hay Powder, IAEA/V-10 and Mussel Tissue CRM 278, Commission of the
European Communities). Metal concentrations were measured using a
Graphite Furnace AAS-Pye Unicam 9100-(Water & Soil Environmental
Research Unit, Department of Chemistry, BethlehemUniversity). Calibration
of the instrument was checked after 24 readings and each sample was
measured twice. Accepted recoveries were within two standard errors of
the reported values.
Calculations and Statistics
All concentrations reported are in mg.g1 and refer to dry weights.
Statistical treatment of the data was carried out using SYSTAT software
(12). Statistical diﬀerences were checked out using Analysis of Variance
(ANOVA) and t-test. Thereafter, Tukey Test (the pairwise comparison
test) was applied to identify pairwise diﬀerences.
RESULTS AND DISCUSSION
Soil
Roadside soil samples were found to contain signiﬁcantly (p<0.001)
more metals than control soil samples (Table1). Concentrations of metals
in roadside soil samples were ranging between 18.6–30.5mg.g1 for Cu,
0.25–0.73 mg.g1 for Cd, 89.1–245mg.g1 for Pb and 95.8–170mg.g1 for
Zn. While in the control samples, concentrations were ranging between
7.6–23mg.g1, 0.04–0.20mg.g1, 7.6–19.9mg.g1, and 66.9–110.2mg.g1 for
Cu, Cd, Pb and Zn, respectively. Roadside soil contains about 15 times Pb,
4 times Cd, 2 times Cu and 1.5 times Zn than the control soil. Of special
concern, are the non-essential metals Pb and Cd. The high concentration of
Pb is not unexpected as this metal is largely released from the exhausts of
automobiles using leaded-fuel. Cadmium and other metals are associated
with roadside pollution, but to a lesser extent. The concentrations of
metals in Roadside soil samples can be ordered as Pb>Zn>Cu>Cd,
while in the control soil, the order of the four metals was Zn>
Cu>Pb>Cd. As can be noticed, Pb level in roadside samples increased
over Zn and Cu levels. These elevated concentrations of metals might be
hazardous to human health as lands along the road are cultivated with
768 SWAILEH ET AL.
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diﬀerent crops. We know that plants take in metals from soil through their
roots and through their leaves from atmospheric deposition (13, 14). As a
result of that, crops produced in roadside lands would have metals deposited
on their surface in addition to those accumulated in their tissues.
Cadmium levels in roadside soil samples in our study are within
the ranges reported by Garcia and Milla´n (6) as 0.07–2.22mg.g1 for road-
side soils in Guipuzcoa (Spain), by Mielke et al. (15) as <0.25–2.0mg.g1 in
urban soils from 5 cities in Minnesota and by Carey et al. (16) as
0.1–8.0 mg.g1 for soils from urban and suburban soils from the United States.
However, cadmium levels in our roadside soils are far less than the critical
value of 5 mg.g1 indicating the need for further investigation according to
the Dutch guidelines. Lead in our roadside soil samples are also within the
range reported by Garcia and Milla´n (6) as 35–1548mg.g1, by Culbard et al.
(17) as 28–1260mg.g1 for soils from parks in Great Britain and by Markus
and Bratney (18) as 22–20278mg.g1 for urban soils in Glebe, Australia.
According to the Dutch guidelines, soils containing Pb more than
150 mg.g1 require further investigation. Scharenberg and Ebeling (19)
studied the distribution of metals in surface soils of uncontaminated wood-
land in Schleswig-Holstein, northern Germany. Concentrations of Cu, Cd,
Pb and Zn were 4.6, 0.07, 40.4 and 22mg.g1, respectively. Only Pb level is
higher than that obtained in our samples from the control sites. Fatoki (20)
studied the concentrations of Cu and Zn in roadside soil samples (0–18m
from road) along King Williams Town Road in Alice, South Africa. The
range of Cu levels in his soil samples collected in May was 3–9mg.g1, while
that for his November samples was 3–19mg.g1. Zn concentrations in his
samples ranged between 15–120mg.g1 (in May) and 10–55mg.g1 (in
November). The ranges for both metals in our roadside soil samples look
higher than those reported by Fatoki (20). Tack and Verloo (21) investigated
metal concentrations in soil samples (depth 0–20 cm) from the area between
Gent and Antwerpen, Belgium. The levels found were 11.6, 0.54, 28 and
54mg.g1 for Cu, Cd, Pb and Zn, respectively. Their samples were from
agricultural lands, pasture lands, and forests. In addition to Pb, Cd level in
their samples is higher than our control soil levels. Moreover, Cd level in
their samples (0.54 mg.g1) is even higher than our roadside samples
(0.45 mg.g1). Sa´nchez-Martin et al. (4) studied Cd and Pb contents of road-
side soils (1–3m from road) from Salamanca region (Spain). Concentrations
in soil samples (1–3m from road) found were 122 and 0.31mg.g1 for Pb and
Cd, respectively. In their samples taken at 10m from road, the concentrations
of Pb and Cd were 48 and 0.31mg.g1, respectively. In natural soils from the
same region, they found that Pb and Cd levels were 24.6 and 0.19mg.g1,
respectively. Our Pb and Cd levels in roadside samples are slightly higher
than their roadside levels. However, in natural soils, our levels for Cd and Pb
are less than their values. In extreme cases, roadside soils were found to
contain 7000mg Pb/g soil (2).
CONCENTRATIONS OF HEAVY METALS 769
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Plants
Concentrations of metals in roadside plants are summarized in
Tables 2–5. Leaves of the plants studied were found to have similar concen-
trations of Cu, Cd and Zn. But leaves of some plants were containing
signiﬁcantly higher Pb concentration than others (Table 2). These were
C. creticus, I. viscosa, S. fruticosa and T. polium. The average concentrations
of the metals in plant leaves were: 5.20 (3.93–7.01), 0.55 (0.30–0.86), 2.19
(1.41–3.94) and 4.48 (4.25–5.79)mg.g1 for Cu, Cd, Pb and Zn, respectively.
All theses averages, except Zn, look slightly higher than those of the control
samples. The statistical diﬀerence between leaves of some plants in Pb
concentration is related to the fact that Pb is the main roadside pollutant
and some plants might be closer to the road than others. As these plants
are medicinal, their leaves are eaten, boiled separately or with tea, or used
in wound healing. Therefore, monitoring metal concentration in leaves of
these plants are of great importance especially in polluted areas and along
roads were people can ﬁnd and collect them easily.
Stems of the roadside plants studied showed some statistical diﬀerence
in Cd and Pb concentrations only (Table 3). Stems of T. polium were found to
have less Cd level than S. fruticosa,M. syriaca, and I. viscosa. With regard to
Pb, stems of all plants, except S. fruticosa, were having similar level. The
average concentrations of the four metals were: 4.71 (3.59–6.73)mg.g1 for
Cu, 0.7 (0.30–0.9)mg.g1 for Cd, 1.70 (1.01–2.81)mg.g1 for Pb and 5.18
(3.92–8.05) mg.g1 for Zn. The average concentrations of Cu and Zn are
close to those in stems of the control plant while; the average concentrations
of Pb and Cd are nearly twice those of the control.
Roots of the roadside plants exhibited the greatest variability in the
levels of the four metals (Table 4). The average concentration of the metals
770 SWAILEH ET AL.
Table 2. Concentrations of Metals (Means±SE) in Leaves of Six Roadside Plant Species
from the West Bank
Metal concentration (mgg1)
Plant species & (n) Cu Cd Pb Zn
Cistus creticus (4) 6.86±0.70 0.86±0.10 2.21±0.24ab 4.25±0.83
Foeniculum vulgare (5) 7.01±2.05 0.57±0.13 1.41±0.29a 3.64±0.65
Inula viscosa (3) 4.45±0.62 0.69±0.30 2.23±0.51ab 5.79±0.68
Majorana syriaca (5) 4.97±0.90 0.30±0.08 1.46±0.22a 5.35±0.48
Salvia fruticosa (5) 3.93±0.32 0.38±0.10 3.94±0.45b 3.56±0.37
Teucrium polium (4) 4.83±0.53 0.49±0.09 1.87±0.55ab 4.28±0.84
Inula viscosa (5)
(control)
4.00±0.50 0.35±0.12 1.02±0.17a 5.12±0.42
ANOVA-Test NS NS P=0.001 NS
(n)=number of samples analyzed. NS: not signiﬁcant at 0.05 level of signiﬁcance. Values
followed by same letter are not signiﬁcantly diﬀerent at 0.05 level of signiﬁcance.
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were Cu: 4.76 (1–7.72)mg.g1, Cd: 1.03 (0.57–1.86)mg.g1, Pb: 1.71
(0.74–3.10)mg.g1 and Zn: 4.03 (2.44–6.86) mg.g1. Averages of Cu, Cd,
and Pb were clearly higher than the corresponding averages in the control
plant. Zn average concentration was close to that of the control sample.
The variability between roots of diﬀerent plants in metal levels could be
partially attributed their contact with the soil. Although roots were cleaned
carefully, there is no guarantee that all surface-adsorbed metals were
removed.
Tissues (leaves, stem, and roots) of each plant were tested for statistical
diﬀerences in metal concentrations (Table 5). Statistical diﬀerences observed
were mostly related to the non-essential metals Pb and Cd and in some cases,
CONCENTRATIONS OF HEAVY METALS 771
Table 3. Concentrations of Metals (Means  SE) in Stems of Six Roadside Plant Species
from the West Bank
Metal concentration (mgg1)
Plant species & (n) Cu Cd Pb Zn
Cistus creticus (4) 3.78 1.07 0.73 0.31ab 1.57 0.32a 3.92 0.26
Foeniculum vulgare (3) 3.59 0.91 0.62 0.14ab 1.01 0.29a 4.63 0.57
Inula viscose (3) 6.73 0.32 0.86 0.05b 1.56 0.20a 5.26 0.78
Majorana syriaca (5) 5.90 0.58 0.90 0.12b 1.93 0.33ab 8.05 1.65
Salvia fruticosa (5) 4.21 0.63 0.82 0.31b 2.81 0.52b 4.98 0.89
Teucrium polium (4) 4.05 0.35 0.30 0.43a 1.33 0.43a 4.25 1.15
Inula viscosa (5)
(control)
3.21 0.35 0.30 0.09a 0.83 0.20a 4.52 0.50
ANOVA-Test NS P=0.002 P=0.010 NS
(n) ¼ number of samples analyzed. NS: not signiﬁcant at 0.05 level of signiﬁcance.
Values followed by same letter are not signiﬁcantly diﬀerent at 0.05 level of signiﬁcance.
Table 4. Concentrations of Metals (Means SE) in Roots of Six Roadside Plant Species
from the West Bank
Metal concentration (mgg1)
Plant species Cu Cd Pb Zn
Cistus creticus 7.30 0.47a 0.82 0.07ab 0.89 0.07ab 4.78 0.28ab
Foeniculum vulgare 4.24 0.71b 0.57 0.11a 1.53 0.33b 3.54 0.61a
Inula viscosa 1.00 0.21c 0.64 0.12a 0.74 0.18b 2.44 0.09a
Majorana syriaca 6.35 0.67ad 0.68 0.09a 2.32 0.43b 3.81 0.45a
Salvia fruticosa 1.92 0.26c 1.64 0.37bc 1.71 0.24ab 2.76 0.15a
Teucrium polium 7.72 1.05ad 1.86 0.32c 3.10 0.51ab 6.86 0.93b
Inula viscosa
(control)
0.73 0.11c 0.26 0.08d 0.51 0.12ab 3.58 0.45a
ANOVA-test P=0.001 P=0.003 P=0.002 P=0.001
Samples were analyzed in triplicates. Values followed by same letter are not signiﬁcantly
diﬀerent at 0.05 level of signiﬁcance.D
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Cu levels in plant tissues were found to be statistically diﬀerent. According to
average concentration of metals, plant tissues follow the following order with
regard to their Cu and Pb levels: leaves>roots>stems. Cadmium and Zn
followed diﬀerent orders, roots>stems>leaves for Cd and stems>leaves>
roots for Zn. When plant leaves were ranked according to their metal rich-
ness (Table 6), I. viscosa collected from the control site (TRS¼ 8) were found
to contain clearly less metals than all roadside plants (TRS¼ 13–22).
Moreover, roadside I. viscosa has the highest TRS among all plants
(three times higher than the control sample). Since I.viscosa is the most
common roadside plant in the West Bank, this plant seems to be a suitable
772 SWAILEH ET AL.
Table 5. Concentrations of Metals (Mean  SE) in Diﬀerent Tissues of Six Roadside Plant
Species from the West Bank
Metal concentration (mgg1)
Plant species Tissue Cu Cd Pb Zn
Cistus creticus Leaves 6.86 0.70 0.86 0.10 2.21 0.24a 4.25 0.83
Stem 3.78 1.07 0.73 0.31 1.57 0.32a 3.92 0.26
Roots 7.30 0.47 0.82 0.07 0.89 0.03b 4.78 0.28
ANOVA-Test NS NS P=0.023 NS
Foeniculum vulgara Leaves 7.01 2.05 0.57 0.13 1.41 0.29 3.64 0.65
Stem 3.59 0.91 0.62 0.14 1.01 0.29 4.63 0.57
Roots 4.24 0.71 0.57 0.11 1.53 0.33 3.54 0.61
ANOVA-Test NS NS NS NS
Inula viscosa Leaves 4.45 0.62a 0.69 0.30 2.23 0.51 5.79 0.68a
Stem 6.73 0.32b 0.86 0.05 1.56 0.20 5.26 0.78a
Roots 1.00 0.21c 0.64 0.12 0.74 0.18 2.44 0.09b
ANOVA-Test P=0.001 NS NS P=0.016
Majorana syriaca Leaves 4.97 0.90 0.30 0.08a 1.46 0.22 5.35 0.48
Stem 5.90 0.58 0.90 0.12b 1.93 0.33 8.05 1.65
Roots 6.35 0.67 0.68 0.09ab 2.32 0.43 3.81 0.45
ANOVA-Test NS P=0.004 NS NS
Salvia fruticosa Leaves 3.93 0.32ab 0.38 0.10a 3.94 0.45a 3.56 0.37
Stem 4.21 0.63b 0.82 0.13ab 2.81 0.52ab 4.98 0.89
Roots 1.92 0.26a 1.64 0.37b 1.71 0.24b 2.76 0.15
ANOVA-Test P=0.028 P=0.031 P=0.033 NS
Teucrium polium Leaves 4.83 0.53a 0.49 0.09a 1.87 0.55 4.28 0.84
Stem 4.05 0.35a 0.30 0.11a 1.33 0.43 4.25 1.15
Roots 7.72 1.05b 1.86 0.32b 3.10 0.51 6.86 0.93
ANOVA-Test P=0.010 P=0.001 NS NS
Inula viscosa Leaves 4.00 0.50a 0.35 0.12 1.02 0.17a 5.12 0.42
(control) Stem 3.21 0.35a 0.30 0.09 0.83 0.20ab 4.52 0.50
Roots 0.73 0.11b 0.26 0.08 0.51 0.12b 3.58 0.45
ANOVA-Test P=0.001 NS P=0.012 NS
N=3–5 samples/tissue. NS: not signiﬁcant at 0.05 level of signiﬁcance. Values followed by
same letter are not signiﬁcantly diﬀerent at 0.05 level of signiﬁcance.
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bioindicator for roadside pollution with heavy metals. According to metal
richness roadside plants can be ordered as:
I. viscosa>C. creticus>F. vulgare¼M. syriaca¼T. polium>S. fruticosa
Sathiyamoorthy et al. (22) studied the concentrations of heavy metals in
medicinal and fodder plants from the Negev Desert. The range of metals in
their plants was 2.3–28 mg.g1 for Cu, 0.5–22 mg.g1 for Cd, 1.3–33mg.g1 for
Pb and 5–113mg.g1 for Zn. These ranges are clearly wider than the ranges
obtained in our study. Our results are close to the lower limits of their ranges.
In their study, metal concentrations in leaves and stem of F. vulgare were 8.3,
4.3, 18.0 and 4.7 for Cu, Cd, Pb and Zn, respectively. Compared to our
results, Pb in their sample is clearly higher that in ours. All other metals
were close our results. In their T. polium sample, their Zn and Cu levels
were higher than ours, Cd and Pb levels were close in both studies. Fatoki
(20) studied the concentrations of Cu and Zn in roadside grass from Alice
region in South Africa. The range of Cu levels in his May grass samples was
2.1–23.11 mg.g1 and 3–6 mg.g1 in his November sample. The range for Zn
was 18–135mg.g1 and 8–55 mg.g1 for his May and September samples,
respectively. Tack and Verloo (21) studied heavy metal levels in the stinging
nettle, Urtica dioica L., from Belgium, the average concentrations of metals
(mg.g1) were: 14 (2.2–841) for Cu, 0.43(.03–9.26) for Cd, 34(0–357) for Pb
and 113 (23–532) for Zn. Scharenberg and Ebeling (19) studied the concen-
trations of metals in beech leaves from an uncontaminated woodland in
Germany. The concentrations (mg.g1) of metals were: 51.2, 3.62, 0.5, and
320 for Cu, Cd. Pb and Zn, respectively. Compared to the above-mentioned
literature, levels in roadside plants from the West Bank are less than most
studies and are below toxic levels for most agronomic plants (23). This is in
spite of the fact that, roadside soils from the same region were found to
contain elevated metal levels, especially Pb, compared to control soils.
This, however, could be due to soil pH, since most soils in the Bank are
rich in calcium carbonate and have basic pH values that reduce metal
uptake by plants and often cause plant mineral deﬁciency.
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Table 6. Roadside Plants Ranked According to Metal Richness of Their Leaves
Plant species Cu Cd Pb Zn TRS
Cistus creticus 6 7 5 3 21
Foeniculum vulgare 7 5 2 2 16
Inula viscosa 3 6 6 7 22
Majorana syriaca 5 2 3 6 16
Salvia fruticosa 2 3 7 1 13
Teucrium polium 4 4 4 4 16
Inula viscosa (control) 1 1 1 5 8
TRS¼ total rank score.
D
ow
nl
oa
de
d 
by
 [K
ha
lid
 Sw
ail
eh
] a
t 0
8:5
9 0
9 S
ep
tem
be
r 2
01
1 
Landsnails
Concentrations of the four metals in the three roadside species
of landsnails are summarized in Table 7. The ranges of metals in
roadside samples of the three species were 41.5–293.6, 5.5–56, 8.6–54.8 and
17.8–195 mg.g1 for Cu, Cd, Pb and Zn, respectively. Average Cu levels in
snails were not signiﬁcantly diﬀerent. Copper is an essential element and
necessary for the respiratory pigment in gastropods known as haemocyanin
(24). Therefore, snails might be able to regulate this element inside their
tissues (25). On the other hand, snails showed signiﬁcant diﬀerences with
regard to levels of Cd, Pb and Zn. Highest concentrations of these three
metals were observed in H. engaddensis. On the other hand, L. hierosylima
from the control site were found to have clearly less metals than other
roadside samples.
When ranked according to metal richness (Table 8), snails from the
control site had the smallest TRS of 4 and H. engaddensis had the highest
TRS of 16. Snails are among the best bioindicators for metal pollution
(24, 26, 27, 28). Therefore, snails were the animals of choice in this study.
Popham and D’Auria (29) studied the concentrations of Cu and Zn in
the gastropod Arion ater collected at diﬀerent distance from a major road.
The concentrations of the two metals ranged between 61–105mg.g1 for Cu
and 507–846mg.g1 for Pb. Berger and Dallinger (30) studied the concentra-
tions of metals in the snail Arianta arbustrum from contaminated or uncon-
taminated sites. Concentrations of Cu ranged between 100–400mg.g1 and
those for Zn ranged between 130–301mg.g1. Ireland (31) found the follow-
ing metal concentrations (mg.g1) in the earthworm, Lumbricus rubellus from
polluted sites, Cu: 11, Cd: 4, Pb: 9 and Zn: 676. Ash and Lee (32) found the
following metal concentrations in roadside earthworms L. rubellus, Cu: 3.8,
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Table 7. Metal Concentrations (Mean SE) in Roadside Landsnails from the West Bank
Metal concentration (mg.g1)
Landsnail Cu Cd Pb Zn
Levantina hierosylima 120.7 9.6 18.3 1.2a 23.2 2.3b 43.0 6.1a
(56.2–216.4) (6.7–26.7) (8.5–51.6) (17.9–109.1)
Levantina caesariana 125.7 12.9
(41.5–242.8)
22.5 1.7ab
(5.5–35.2)
20.8 1.3b
(15.0–34.2)
50.3 5.6ab
(21.8–103.2)
Helix engaddensis 132.4 15.1
(49.8–293.6)
27.8 2.8b
(5.5–56.0)
24.3 2.4b
(8.6–54.8)
69.1 9.0b
(17.8–195.0)
Levantina hierosylima
(control)
100.3 11.9
(12.64–212.9)
16.2 2.4a
(4.6–49.5)
12.8 1.4a
(5.0–30.5)
38.5 6.1a
(13.7–55.1)
ANOVA-Test NS P¼ 0.001 P¼ 0.001 P¼ 0.005
The minimum and maximum values are between brackets. N¼ 20 snails/species. Values
followed by same letter are not signiﬁcantly diﬀerent at 0.05 level of signiﬁcance.
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Cd: 4.15, and Pb: 37.4mg.g1. Concentrations of Cd in our snails are higher
than all those reported by diﬀerent authors. Since the concentration of this
metal in soils and plants is <1 mg.g1, a signiﬁcant biomagniﬁcation of this
metal is obvious even in snails from the control site. This requires further
investigations. Lead level in roadside snails was about twice that in the con-
trol samples. But, since the concentration of element was the highest in road-
side soil (150mg.g1), its concentration in plants was <2mg.g1 and in snails
was <25 mg.g1, no signiﬁcant biomagniﬁcation of this metal is observed.
CONCLUSIONS
Roadside soils, plants and snails investigated in this study were found to
contain higher levels of metals than those collected from control sites. Of
special concern in roadside soils is Pb since its concentration was 15 times
higher than the control. Although Cd levels were elevated in roadside soils
compared to control soils, the concentrations found do not exceed the
normal range for Cd in natural soils. Concentrations of metals in roadside
plants were within acceptable levels and no signs of biomagniﬁcation were
observed although plants from control sites contained less metals than those
from roadsides. Inula viscosa is the most common plant along roadsides in
the West Bank; therefore this plant could be a suitable bioindicator for
monitoring metal pollution along roads. Concentrations of Cd in snails are
of special concern as they are highly biomagniﬁed to levels far beyond those
in soils and plants. Lead in roadside snails was twice the concentration in
snails from the control site.
Therefore, concentrations of both Cd and Pb are of special concern
along Nablus-Ramallah Road and further studies are recommended to
determine to which distance roadside metal pollution extends. Besides,
some measures must be taken in order to control metal emission along
roadsides.
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Table 8. Roadside Landsnails Ranked According to Metal Richness
Landsnail Cu Cd Pb Zn TRS
Levantina hierosylima 2 2 3 2 9
Levantina caesariana 3 3 2 3 11
Helix engaddensis 4 4 4 4 16
Levantina hierosylima
(control)
1 1 1 1 4
TRS=total rank score.
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